Intramitochondrial crystalloid inclusions were seen in about 10% of the hepatic cells of four dogs treated with levamisole. Three degrees of severity of mitochondrial alteration occurred. Mild changes consisted of condensation of mitochondrial matrix into electron-opaque clumps. The intermediate stage was manifested as welldeveloped crystalloid inclusions composed of bundles of parallel fibers. Such fibers might be tubular structures. Severe alteration was characterized by a markedly elongated crystalloid inclusion that caused the involved mitochondrion to be greatly enlarged.
Intramitochondrial crystalloid inclusions have been seen in the livers of several animal species. Mitochondria of livers of swine fed lead acetate [15] and of rats in ammonium intoxication [2] contained lamellar formations. Intramitochondrial inclusions have been seen in hepatocytes of normal and alcohol-fed monkeys [I I, 14] . Similar inclusions have been seen in mitochondria of the livers of healthy and diseased humans [4, 5] . Inclusions have also been seen in mitochondria of hepatocytes of untreated dogs [10] , and in dogs treated with 2, sulfanylamido-3-methoxy pyrazine [8] . Degeneration of both inclusions and involved mitochondria occurs in dogs subjected to in vivo ischemia [9] .
Although intramitochondrial crystalloid inclusion formation can be induced experimentally in animals by the use of chemicals [2, 8, 15] , the various stages of mitochondrial alterations that occur in crystalloid formation have not been described. The several stages of inclusion body formation were observed in the present study in which dogs were treated with levamisole (American Cyanamid Co., Princeton, N. J.). This drug has been used experimentally in dogs as a microfilaricide in infections by Dirofilaria irnmitis [I].
Materials and Methods
Four dogs were used. Two were street dogs; one had 89,716 microfilariae per milliliter of blood, and the other was apparently healthy and negative for microfilariae of D. immitis. The third and fourth dogs were beagles that had been raised in isolation; both were free of disease and negative for microfilariae. The four dogs were treated daily for 6 days with an oral dose of levamisole (/2,3,5, 6-tetrahydro-6-phenyl-imidazo (2,I-b)-thiazole hydrochloride) at a level of 5 mg/Ib body weight. Liver biopsies [61 were secured from each animal 2 days before treatment and 6 days after its termination. Each dog therefore served as its own control. The biopsy samples were fixed in 3.5% buffered glutaraldehyde, osmicated in 1% OsO, and embedded in araldite. Thin sections on grids, stained with uranyl acetate and lead citrate [71, were examined with a Philips EM200 electron microscope.
Results
The blood of the dog infected with D. immitis was cleared of microfilariae after 6 days of levamisole treatment.
Pretreatment liver biopsies of all dogs were similar and were free of mitochondrial abnormalities. Mitochondria varied in size and shape; cristae were well-defined, and the mitochondrial matrix, which was of uniform electron density, contained small, electron-opaque granules ( fig. 1 ).
Posttreatment liver biopsies of all dogs contained hepatic cell mitochondrial alterations of various degrees of severity -classified as mild, intermediate, and severe -and examples of each type were seen in each biopsy.
Mild mitochondrial abnormality was characterized by an irregular homogeneity of the mitochondrial matrix and the condensation of portions of the matrix into moderately electron-opaque clumps ( fig. 2 ). The clumped matrix seemed to partially polymerize into poorly defined, delicate fibers ( fig. 2 , inset). The non-clumped part of the matrix had a washed-out appearance. Cristae were disorganized, fragmented, and partially eliminated. Deposits of peri mitochondrial glycogen were quantitatively similar to those seen in pretreatment biopsies. Intermediate stages of mitochondrial alteration were manifested as welldefined crystalloid inclusions. In longitudinal sections, such inclusions were composed of bundles of parallel fibers (fig. 3 ). The fibers varied from 75 to 80 Ain diameter and had a center-to-center spacing of 100-120 A. They had a beaded appearance. Individual fibers in a bundle apparently varied in length because inclusions were not symmetrical. Since the extensiveness of crystalloid formation varied between mitochondria, various amounts of the matrix of the organelle had become polymerized in the form of fibers. Sometimes both clumping of matrix, as seen in mild alteration, and crystalloid formation were seen in a single organelle ( fig. 4 ). Apparently, bundles of fibers were stacked on each other because they resembled a checkerboard in cross section ( fig. 4 ). It also appeared that bundles of fibers were oriented in several diverse directions because in some micrographs fibers sectioned in the longitudinal plane were oriented both horizontally and vertically, and cross sections of fibers were also evident ( fig. 5 ). Mitochondria were not swollen or bizarre in the intermediate stage of alteration.
Severe mitochondrial alteration was differentiated from the intermediate state by the presence of markedly elongated crystalloids. These projecting crystalloids caused the involved mitochondria to be greatly elongated and to contain fractured cristae ( fig. 6 ). Crystalloid inclusions in degenerated mitochondria, with myelinated sworls, were well defined and composed of parallel fibers ( fig. 6 , inset).
Discussion
After intramitochondrial inclusions were seen in the hepatic cells of 12 of 32 street dogs and none of 14 untreated purebred beagles [10] , it was found that all of 10 beagle dogs treated with 2, sulfanylamido-3-methoxy pyrazine for 8 months had inclusions in the mitochondria of hepatic cells [8] .
It appears that alterations of hepatic mitochondria in dogs are caused by at least two different drugs. Since about 50% of the hepatic mitochondria of all dogs examined in a previous work [8] and about 10% of the mitochondria in our dogs contained intranuclear, crystalloid inclusions, it is apparent that the inclusion bodies are not incidental findings. Fig. 7 . Cross sec tio ns of fibers showi ng tubu lar-like (arrow) and gra nular opacities (helica l fila me nts) in t he ir wa lls (left). In lon gitudi nal sec tio n, fibers a lso appear to be tu bular a nd co nta in gra n ules in th eir wa lls (right) .
Leva misole is highl y ac tive agai nst most gas tro intestina l a nd pulmonary nemat odes of a nima ls, but is almos t inac tive agai nst cesto des a nd tr em at od es [12] . It is dev oid of a ntiba cterial, a ntifunga l, a nd a ntipr ot ozoal ac tio n. Expelled worms fr om treat ed a nima ls a ppear to be par alyzed . The action of th e dru g is believed to be derived from th e blocking of th e metab olic pathway respo nsible fo r the for ma tio n of adenos ine tr iph osph at e (ATP) [13] . Since mit och ondri a a re co ncerne d wit h ATP, levami sole treatmen t may lead to th e form at ion of mit och ondrial cry stalloids in th e hepatic cells of dogs. The probability that levamisole stimulates formation of intramitochondrial inclusion is based on the absence of inclusions in pretreatment biopsies. The modification of mitochondrial shape in the severe stage occurred because of the response of the limiting membranes of the organelle to its elongated crystalloid.
High-magnification micrographs indicated that the structures called fibers in this paper might be a tube made up of four to five thin filaments wound around the tubular surface. In cross and longitudinal sections ( fig.7) , fibers appeared to be tubular structures that contained four to five opaque granules (helical filaments) in their walls. Polymerized hemoglobin in sickled human red cells is manifested as similar tubular aggregates [3] .
